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The  minute  Structure  of  the  Muscle-Filbril. 
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c 

Most  authors  who  have  worked  at  the  structure  of  muscle  -  fibres 
have  confined  their  attention  mainly  to  the  investigation  of  that  kind 
of  muscle  in  which  the  fibril  (sarcostyle)  occurs  only  as  a  minute  fila- 
ment,  in  which  apart  from  serial  differences  of  refraction,  no  structural 
diöerentiation  can  be  established.  This  is  illustrated  both  in  the  work 
of  Engelmann  and  in  the  important  publications  of  Rollett  ^)  upon 
the  subject;  for  in  spite  of  the  large  number  of  observations  made  by 
these  authors,  and  especially  by  the  latter,  their  additions  to  our  know- 
ledge  of  muscle-structure ,  have  chiefly  consisted  in  the  establishment 

1)  PpLüaER's  Archiv,  Bd.  7,  1873;  Bd.  18,  1878;  Bd.  23,  1880; 
Bd.  26,  1881. 

2)  Wiener  Denkschriften,  Bd.  49,  1885;  Bd.  51,  1886;  Bd.  53, 
1887;  Bd.  58,  1891.  Wiener  Sitzungsber.,  Bd.  98,  1889.  Arch.  f.  mikrosk. 
Anat.,  Bd.  32,  1888. 
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of  the  relations  of  anisotropous  and  isotropous  substances  to  one  au- 
other  within  the  fibrils,  and  the  relative  amount  and  arrangement  of 
fibrils  and  sarcoplasm  or  interfibrillar  substance  with  respect  to  one  an- 
other:  no  light  having  been  thrown  upon  the  internal  structure  of  the 
substances  —  isotropous  and  anisotropous  —  which  unite  serially  to  form 
the  fibrils. 

A  few  authors,  but  none  very  recently,  have  selected  the  wing- 
muscles  of  insects  as  a  special  subject  of  research ;  amongst  them,  W. 
Krause  1),  F.  Merkel  2)  and  L.  Ranvier  »).  But  with  the  exception 
of  Krause,  who  described  fine  longitudinal  lines  within  the  anisotropous 
substance,  none  appear  to  have  noticed  the  actual  structure  of  the 
serial  parts  of  the  fibrils  of  these  muscles,  although  from  the  fact 
that  they  are  easy  of  isolation  and  of  much  larger  diameter  than  the 
fibrils  of  ordinary  muscle,  their  structure  is  not  difficult  of  demon- 
stration.  This  I  showed  in  1891 0,  ^by  means  both  of  photographs 
and  drawings  made  from  specimens  prepared  by  the  modified  gold 
method  described  by  Rollett.  In  such  specimens  the  minute  structure 
of  the  wing-fibrils  comes  out  sometimes  with  remarkable  distinctness, 
for  the  anisotropous  substance  is  deeply  stained  by  the  reagent,  and 
all  the  serial  parts  of  these  fibrils,  viz:  the  lines  of  Dobie  or  mem- 
branes  of  Krause  (disques  minces,  Ranvier),  the  isotropous  sub- 
stance on  either  side  of  those  membranes,  and  the  lines  of  Bensen 
bisecting  the  sarcous  elements  or  principal  disks,  are  all  clearly  visible 
in  the  resting  State  of  the  fibril.  Figure  1  shows  the  appearances 
presented  by  a  fibril  in  this  condition.  It  has  been  drawn  under  a 
Zeiss  2  mm  apochromatic  oil-immersion,  with  extreme  care  and  fidelity 
to  nature.  Fach  principal  disk  (sarcous  element)  which  is  the  only 
part  stained  by  the  reagent,  is  separated  in  the  middle  into  two  halves, 
and  the  line  of  Bensen  is  seen  to  be  the  optical  expression  of  the 
plane  of  Separation.  Fach  half  shows  longitudinal  striations,  but  these 
striations  are  not  due,  as  was  supposed  by  Krause,  to  the  existence 
of  fine  filaments  in  the  principal  disk,  but  to  longitudinal  pores,  which 
are  very  obvious  in  the  isolated  sarcous  elements  depicted  in  Figure  2. 

In  the  Communications  already  referred  to  I  have  brought  forward 
evidence  that  the  process  of  contraction  of  the  fibril  is  accompanied 
by  a  transference  of  (fluid?)  isotropous  substance  into  the  anisotropous 

1)  Handbuch,  1876. 

2)  Arch.  f.  mikrosk.  Anat.,  Bd.  8,  1872;  Bd.  9,  1873;  Bd.  19,  1881. 

3)  Traite  technique. 

4)  Proc.  Roy.  Soc,  Vol.  49,  p.  280.  Intern.  Monatsschr.  f.  Anat,  u. 
Physiol.,  Bd.  8,  p.  178. 
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disk  or  saixous  elementi).  It  is  indeed  clear  that  this  must  occur  if 
we  compare  tlie  appearance  of  the  contracted  fibril  (Fig.  3)  with  that 
of  the  uiicontracted  fibril  (Fig.  1)  for  in  the  former  the  isotropous  sub- 
stance  has  almost  disappeared  whilst  the  sarcous  element  or  principal 
disk  is  proportionately  swollen.  And  it  is  probable  that  the  isotropous 
fluid  has  passed  into  the  pores  of  the  anisotropous  disk,  since  these 
pores  are  open  on  that  side  of  the  disk  which  is  directed  towards  the 
isotropous  substance 


Fig.  1.  Fig.  4.  Fig.  3. 


So  far  I  have  dealt  merely  with  observations  concerning  the  fibrils 
of  the  wing-muscles  of  insects,  and  the  facts  mentioned  are  in  sub- 
stance the  same  as  those  already  published  by  me  in  the  Communi- 
cations above  referred  to.  These  observations  I  have  repeatedly  had 
occasion  to  confirm,  but  so  far  as  I  am  aware,  no  other  observer  has 
taken  the  pains  to  verify  them,  although  if  the  wing- fibrils  are  em- 
ployed,  there  is  no  difficulty  in  doing  so      With  the  leg-muscles  of  in- 

1)  TMs  conclusion  is  supported  by  the  observations  of  Bebnabd. 

Zool.  Jahrb.,  Bd.  7. 

2)  Neither  in  the  wing-fibrils  nor  in  ordinary  muscle  have  I  ever 
Seen  any  sign  of  the  transference  of  anisotropous  substance  from  the 
line  of  Hensen  to  the  membrane  of  Krause,  such  as  was  origmally  de- 
scribed  by  Meekbl:  a  description  which  has  been  followed  by  many 
subsequent  writers. 

3)  BüTsCHLi  has,  perhaps ,  recognized  the  same  appearances  but 
has  regarded  them  merely  as  a  variety  of  "foam-structure". 
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sects  and  with  vertebrate  and  crustacean  muscle,  which  have  been  al- 
most  exclusively  used  by  more  recent  workers,  the  difficulty  of  making 
out  these  rainute  details  of  structure  is  enormously  increased  by  reason 
of  the  tenuity  of  the  fibrüs  of  such  muscle.    I  had  indeed  obtained, 
at  the  time  I  published  the  former  observations,  sufficient  evidence  to 
be  myself  couvinced  that  the  sarcous  elements  which  make  up  the  prin- 
cipal  disks  of  ordinary  muscle  possess  a  porous  structure  essentially 
similar  to  that  of  the  sarcous  elements  of  the  wing-muscles,  but  I  was 
not  then  able  to  demonstrate  this  structure.    It  is  however  shown  in 
the  transverse  section  of  a  leg-muscle  fibre  of  Harpalus  ruficornis, 
which  is  represented  in  Fig.  4.    In  this  preparation,  which  was  also 
made  by  the  gold  method  of  Rollett,  the  sarcoplasm  is  stained,  as 
sometimes  happens,  by  the  reagent.    Within  its  meshes  are  the  sections 
of  the  fibrils,  which  are  probably  larger  than  natural  owing  to  their 
being  swollen  by  the  formic  acid  used  to  assist  the  reduction  of  the 
metal.    Within  the  area  of  each  fibril  an  appearance  is  visible,  which 
is  almost  exactly  similar  to  that  of  the  transverse  sections  of  the 
sarcous  elements'  of  wing- fibrüs  shown  in  Figure  2.    The  conclusion 
appears  legitimate  that  the  similar  appearance  is  in  both  cases  due  to 
a  similar  cause,  viz:  the  existence  of  fine  longitudinal  pores  in  the 
anisotropous  substance,  into  which  the  isotropous  fluid  may  pass  dur- 
ing  contraction. 

Edinburgh,  May  1902. 


